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ABSTRACT 
Pre-breakdown discharge activity in SF, and SF, +2% 
N, at 1 bar absolute has been investigated to asses the 
feasibility of adding small amounts of N, to SF, to 
improve the luminosity of the pre-breakdown 
dmharges. It has been shown that small amounts of N, 
does not significantly alter the breakdown strength of 
the mixture but will have a profound influence on the 
pre-breakdown discharge activity under 50 Hz voltages 
and lightning impulse voltages. This influence is 
attributed to the following three mechanisms: 
1. 
2. 
3. 
1. 
The increased availability of free electrons due to 
the lower ionisation potential of the N, compared 
to SF, 
The removal of high energy electrons from the 
discharge by electron scattering due to negative ion 
resonance in N,, thus effectively increasing the 
attachment of SF,. 
The creation of longer lived SF,' ions by the 
attachment of the scattered low energy electrons 
from N, thus effectively enhancing the negative ion 
space charge. 
INTRODUCTION 
Figure 1. Schematic of the experimental test gap 
with the associated capacitive components. 
In order to get any useful information out of image 
intensifier studies of pre-breakdown activity in SF,, the 
luminosity of the discharge must be relatively large. 
Electron swarms in SF, on its own are not very 
luminous as SF, has a relatively low reduced excitation 
coefficient but also a low quenching density. It has been 
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reported that 2% N, will not significantly alter the 
electron energy distribution in SF, but will greatly 
enhance the useful luminosity of the SF, under electron 
impact. Further, the discharge current will be 
predominantly determined by the partial density of SF, 
[l]. It has been shown that small amounts of N, in SF, 
will not significantly alter the breakdown strength of the 
SF, [2, 31. From this it can be assumed that small 
amounts of N, will not significantly effect the mixtures 
behaviour when compared to pure SF,. N, however has 
other properties related to gas mixtures. It has a strong 
negative ion state at = 2.3 eV [3, 41. This narrow but 
strong low-lying negative ion resonant state can scatter. 
electrons into low energy ranges very effectively. 
Therefore, N, will slow down fast electrons into a 
energy range in which they can be captured by SF,. The 
lifetime of SF,' ions formed by capturing slow electrons 
is longer than that of SF,' ions formed by the capture of 
faster electrons [5]. 
In current studies of pre-breakdown activity in SF, it 
was hoped to use small quantities of N, to enhance the 
luminosity of discharge activity and simplify 
observations. As a prelude to this work the present 
study was undertaken. 
2. EXPERIMENTAL INVESTIGATION 
A 0.9 rnm hemispherical capped rod is placed in a 
uniform field, created by two Rogowski profile 
electrodes. The rod is connected to the earthed electrode 
through a 50 SZ non-inductive resistor. Shielding of the 
rod ensured that capacitive currents were reduced to a 
minimum and hence the rod current, as measured by the 
potential across the 50 S2 resistor, represented the true 
discharge current [6]. 
Figure 1 shows a schematic of the test gap with all the 
associated capacitive components. The Rogowski 
profiles have a 33.2 mm gap between them. The 0.9 rnm 
diameter rod is 11.9 rnm long with a 1.3 mm diameter 
shield, 9.9mm long. 
A gated image intensifier, with a gain of 20 000 was 
used in conjunction with a CCD camera to record 
ionisation in the gap. It was found that the sensitivity of 
the CCD camera could be increased sufficiently to 
observe pre-discharge activity in pure SF,. 
Breakdown measurements were performed in the test 
gap using SF, and SF, + 2% N, at 1 bar absolute for 
impulse rise times from 22 ps to 0.58 ps. For a 1.4 ps 
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rise time the difference between the Us,, SF, breakdown 
and that with SF, + 2% N, are 0.6 % for positive point 
and 2.7 % for negative point. These differences are 
typical for all the rise times used. 
3. PRE-BREAKDOWN DISCHARGE 
MEASUREMENTS 
Figure 2 shows the maximum discharge current pulse 
magnitude distribution for a 50Hz voltage waveform in 
SF, at 1 bar absolute at 36.2 kV peak. The voltage 
waveform is delayed by 57" (3.17 ms). Figure 3 to 
Figure 8 show the typical discharge characteristics of 
SF, above positive point inception. This consists of a 
typical discharge pattern, a typical current pulse as well 
as image intensifier pictures of the discharges for both 
polarities. 
Figure 9 shows the maximum discharge current pulse 
magnitude distribution for a 50Hz voltage waveform in 
SF, + 2% N, at 1 bar absolute at 42.1 kV peak. The 
voltage waveform is delayed by 57" (3.17 ms). Figure 
10 to Figure 15 show the typical discharge 
characteristics of SF, above positive point inception. 
This consists of a typical discharge pattern, a typical 
current pulse as well as image intensifier pictures of the 
discharges for both polarities. 
Figure 16 and Figure 17 show the first negative 
discharge current pulse and image intensifier picture on 
the rising edge of a 1.4193 ps voltage impulse in SF, at 
82.1 kV peak at 1 bar absolute. Figure 18 and Figure 19 
show the first positive discharge current pulse and 
image intensifier picture on the rising edge of a 1.4193 
ps voltage impulse in SF, at 60.8 kV peak at 1 bar 
absolute. 
Figure 20 and Figure 21 show the first negative 
discharge current pulse and image intensifier picture on 
the rising edge of a 1.4/93 ps voltage impulse in SF, + 
2% N, at 79.1 kV peak at 1 bar absolute. Figure 22 and 
Figure 23 show the first positive discharge current pulse 
and the image intensifier picture on the rising edge of a 
1.4193 ps voltage impulse in SF, + 2% N, at 59.7 kV 
peak at 1 bar absolute. 
DISC US S IO N 
The U,, breakdown voltage versis rise times from 22 ps 
to 0.58 ps at 1 bar absolute show little variation in the 
breakdown voltage between SF, and SF, + 2% N, For a 
1.4 ps rise time the difference between the SF, 
breakdown and those with SF, + 2% N, are 0.6 % for 
positive point and 2.7 % for negative point. These 
differences are representative for all the waveforms 
used and suggest that the addition of small quantities of 
N, has a negligible effect on the behaviour of SF,. 
The discharge pulse magnitude distributions for the 
50Hz waveforms in SF, and SF, + 2% N, in Figure 2 
and Figure 9 show the profound changes that the 
addition of 2% N, produces. Similarly, the 
characteristics found under impulse conditions (Figures 
16-23) show the significant differences resulting from 
the presence of a small amount of N,. The following 
mechanisms contribute to these differences: 
1. The low ionisation potential of N, results in an 
increase of free electrons and hence an increase in 
the initial discharge magnitude. 
Electron collisions with N, molecules result in a 
significant loss of energy of scattered electrons and 
hence a considerably enhanced probability of 
attachment by SF, molecules [4,5]. This enhances 
the removal of free electrons and retards discharge 
activity considerably. 
SF; ions formed from slow-moving electrons are 
much longer-lived than those formed from fast- 
moving electrons [5]. The presence of N,, 
therefore, gives rise to a longer-lived negative ion 
space charge, which further reduces discharge 
activity. This space charge reduces both repetition 
rate and magnitude of discharge activity. 
2. 
3. 
The image intensifier picture in SF, + 2% N, shows a 
large increase in luminosity when compared with that in 
pure SF,. However, the nature of the discharge activity 
changes and the luminosity is not representative of 
discharge activity in pure SF,. 
The initial discharge under a 1.4193 ps voltage impulse 
in SF, and SF, + 2% N, at 1 bar absolute are larger than 
the initial discharges for both polarities under 50 Hz 
conditions. This is evidence of reduced space charge 
under impulse voltages. 
4. CONCLUSIONS 
1. The addition of small amounts of N, to SF, does 
not influence the breakdown voltage under impulse 
conditions to a significant degree. 
2. The addition of small quantities of N, to SF, has a 
significant influence on pre-breakdown activity in 
SF,. The observations show that N, influences the 
availability of free electrons and the formation of 
longer lived negative ions. 
3. The use of small amounts of N, to enhance 
luminosity in pre-breakdown studues in SF, cannot 
be supported since it changes the behaviour of SF, 
significantly. 
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Figure 2. Maximum 
discharge current (channel 
3) magnitude distribution 
over a 50 Hz cycle in SF6 a t  
36.2 kV peak : Vertical 
scale 4 mA/div : Horizontal 
scale 2 ms/div. Voltage 
trace (channel 1) : Vertical 
trace 38.3 kV/div. 
Figure 3. Sample of the 
negative point discharges 
(channel 3) magnitude over a 
50 Hz cycle in SFs : Vertical 
scale 0.4 mA/div : Horizontal 
scale 1 ms/div. Voltage trace 
(channel 1) : Vertical trace 
38.3 kV/div. 
Figure 4. Sample of a 
negative point discharge 
current pulse(channel3) in 
SF6 : Vertical scale 1 mA/div 
: Horizontal scale 10 ns/div. 
Figure 5. Image intensifier 
picture of the negative point 
discharges in Figure 3 during 
the gate period of 6.8 ms 
(channel 4) in Figure 3. 
Figure 6. Sample of the 
positive point discharges 
(channel 3) magnitude over a 
50 Hz cycle in SFs : Vertical 
scale 0.4 mA/div : Horizontal 
scale 1 ms/div. Voltage trace 
(channel 1) : Vertical trace 
38.3 kV/div. 
Figure 7. Sample of a 
positive point discharge 
current pulse(channel3) in 
sF6 : Vertical scale 1 mA/div 
: Horizontal scale 10 nddiv. 
Figure 8. Image intensifier 
picture of the positive point 
discharges in Figure 6 during 
the gate period of 6.8 ms 
(channel 4) in Figure 6. 
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Figure 9. Maximum 
discharge current (channel 
2) magnitude distribution 
over a 50 Hz cycle in SF6 + 
TZ: 2% NZ at  42.1 kV peak : 
Vertical scale 4 mA/div : 
Horizontal scale 2 ms/div. 
Voltage trace (channel 1) : 
Vertical trace 38.3 kV/div. 
Figure 10. Sample of the 
negative point discharges 
(channel 2) magnitude over a 
50 Hz cycle in SF6 + = 2% 
Nz: Vertical scale 0.4 mA/div 
: Horizontal scale 1 ms/div. 
Voltage trace (channel 1) : 
Vertical trace 38.3 kV/div. 
Figure 11. Sample of a 
negative point discharge 
current pulse(channel2) in 
SFs + = 2% Nt: Vertical scale 
0.4 mA/div : Horizontal scale 
10 ns/div. 
Figure 12. Image intensifier 
picture of the negative point 
discharges in Figure1 1 
during the gate period of 6.8 
ms (channel 4)  in Figurelo. 
Figure 16. Negative 
Figure 13. Sample of the 
positive point discharges 
(channel 2) magnitude over a 
50 Hz cycle in SF6 + - 2% 
NI: Vertical scale 1 mA/div : 
Horizontal scale 1 msldiv. 
Voltage trace (channel 1) : 
Vertical trace 38.3 kV/div. 
Figure 14. Sample of a 
positive point discharge 
current pulse(channel2) in 
SFs + = 2% NI: Vertical scale 
2 mA/div : Horizontal scale 
10 nsldiv. 
Figure 15. Image intensifier 
picture of the positive point 
discharges in Figure 15 
during the gate period of 6.8 
ms (channel 4) in Figure 13. 
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Figure 17. Image 
discharge current (channel 
2) in SF6 on the front of a 
1.4/93 p impulse of 82.1 
kV peak : Vertical scale 20 
mA/div : Horizontal scale 
25 ns/div. 
intensifier picture of the 
negative point discharges 
in Figure 16. 
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Figure 18. Positive Figure 19. Image 
discharge current (channei 
2) in SF6 on the front of a 
1.4/93 p impulse of 60.8 
kV peak : Vertical scale 20 
mA/div : Horizontal scale 
25 ns/div. 
intensifier picture of the 
positive point discharges 
in Figure 18. 
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Figure 20. Negative Figure 22. Positive Figure 23. Image 
discharge current (channel discharge current (channel intensifier picture of the 
2) in SF6 + 2% NZ on the 
front of a 1.4/93 p impulse 
of 79.1 kV peak : Vertical 
scale 20 mA/div : 
Horizontal scale 25 nsldiv. 
2) in SF6 + - 2% Nz on the 
front of a 1.4/93 p impulse 
of 59.7 kV peak : Vertical 
scale 20 mA/div : 
Horizontal scale 25 ns/div. 
positive point discharges 
in Figure 22. 
